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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
TECHNICAL NOTE 
PERFORMANCE OF INERTED LUBRICATION SYSTEMS FOR TURBINE ENGINES 
By R. L. Johnson, W .  R .  Loomis, and L.  P.  Ludwig 
ABSTRACT 
Iner ted  lubr ica t ing  systems containing 125 MM b a l l  bearings and 
6.33 inch diameter face contact sea ls  were operated i n  simulated tur -  
bine engine sumps at speeds t o  14000 RPM and temperatures t o  800° F. 
The b a l l  bearings operated s a t i s f a c t o r i l y  t o  600° F under 3280 pounds 
t h r u s t  load with 4 of the  5 lubricants  evaluated. A per s i s t en t  prob- 
lem encountered w a s  w e a r  
experimental s tud ies  and 
and leakage of the  shaf t  s ea l s .  Additional 
analysis  i den t i f i ed  seal thermal deformation 
as a major f ac to r  i n  seal wear and leakage. New seals, revised t o  
mi t iga te  thermal deformations, were designed, analyzed and subjected 
t o  preliminary experimental s tudies .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
TECHNICAL NOTE 
PERFORMANCE OF INERTED LUBRICATION SYSTEMS FOR TuZBIhT E?!GI??ES 
By R. L. Johnson, W. R. Loomis, and L. P. Ludwig 
SUMMARY 
Iner ted lubr ica t ing  systems containing 125 MI b a l l  bearings and 
6.33 inch diameter face contact seals  were operated i n  simulated tur- 
bine engine sumps t o  14000 RPM. Three hour screening tes ts ,  using 
degassed lubricants  revealed t h a t  a dibasic  acid e s t e r  (Mil-L-7808E) 
w a s  not su i t ab le  for  operation at 600' F because of lubricant  related 
bearing f a i lu re s .  Three lubricants ,  an improved e s t e r ,  a synthet ic  
performed 
pa ra f f in  and a perfluorinated polymeric f lu id /sa t i s fac tor i ly  at  
700' F; the  bearings were i n  excellent condition. A C-ether lubri-  
cant performed w e l l  a t  600' F both with and without nitrogen iner t ing .  
I n  iner ted  lubricat ion system operation the  most troublesome 
component w a s  the  face contact sea l  (with bellows secondary) sepa- 
r a t i n g  the  nitrogen gas ed t h a t  these seal 
- 2 -  
1 malfunctions (gas leakage and w e a r )  were not r e l a t ed  t o  the  ine r t ing  
2 gas but ra ther  t o  seal thermal deformation. Further experiments, on 
3 contact and hydrostat ic  type seals i n  another simulated engine s c q  
4 without i ne r t ing  showed tha t  thermal deformations were a major f ac to r  
5 i n  l imi t ing  s e a l  performance. 
6 Two seal concepts revised t o  minimize thermal gradients and em- 
7 ploying hydrodynamic l i f t  devices were designed, analyzed and the l i f t  
a concepts were experimentally checked. One revised design employed a 
9 hydrodynamic gas bearing f o r  l i f t  and the  other obtained lift by means 
lo of an o i l  lubricated s p i r a l  groove bearing. Both of these revised 
designs showed low leakage poten t ia l  i n  preliminary t e s t s .  
INTRODUCTION 12 
Continuing increases i n  f l igh t  speeds and turbine i n l e t  temper- 13 
atures are  r a i s ing  the  bulk temperatures of lubr ica t ing  systems i n  14 
a i r c r a f t  turbine engines (refs.  1 and 2 ) .  The ester base synthe t ic  15 
lubr icants  of  conventional lubricat ing systems have l i t t l e  o r  no margin 16 
- 3 -  1 
there  an immediate need fo r  improved lubr icants  and lubr ica t ing  systems 
2 i n  uprated engines, but advanced engines, such as f o r  Maah 3 f l i g h t ,  
3 pose a much l a rge r  lubr ica t ion  system problem because bulk lubricant  
4 temperatures are expected t o  be i n  the 450' t o  500' F range. 
5 I n  seeking solut ions t o  t h i s  general problem of high temperature 
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lubr ica t ion ,  some a t ten t ion  has been given t o  unconventional systems 
such as powder lubr ica t ion  ( ref .  31, dry films (ref.  4 )  and throwaway 
schemes. Another unconventional approach i s  based on oqrgen exclusion 
through the use of an i n e r t  gas blanket (ni t rogen) .  Qis iner ted 
lubr ica t ion  system approach i s  a t t r ac t ive  because it me;y permit t he  
use of presently avai lable  lubricants at s ign i f i can t ly  higher temper- 
ature leve ls .  A key fac tor  i n  the  use of iner ted  lubricant  systems 
i s  seal leakage, because the amount of blanket gas inventory (ni t rogen)  
depends on leakage rates. This leakage consideration precludes the  
used of labeyrinth sea ls  and places s t r ingent  requirements on the  seal 
design s ince long l i f e  and low leakage must both be achieved. There 
i s  some evidence ( r e f .  be enhanced 
. - 4 -  I 
1 through the use of nitrogen iner t ing .  This data, of reference 5, 
I 2 shows tha t  'carbon wear r a t e  is lower i n  nitrogen and t h a t  oxidation 
~ 
3 is  the  chief cause of higher wear ra tes  i n  a i r .  
4 The objectives of t h i s  study were: (1) To determine the  problems 
5 associated with operation of lubr icants ,  bearing and seals i n  a f u l l  
s i z e  simulated engine sump at speeds, pressures and temperatures ex- 
pected i n  advanced engines; (2) To determine the  leakage rates which 
can be expected of full s i z e  s e a l s  operating i n  an i ne r t ed  bearing 
sump system; ( 3 )  To inves t iga te  newer seal concepts and t o  exper- 
lo imentable check the f e a s i b i l i t y  of these concepts. 
I 
The simulated engine bearing sump of t he  ine r t ed  lubr ica t ion  11 
system contained a 125 MM b a l l  bearing operating a t  14000 RPM with a 12 
13 
3280 pound th rus t  load. Runs were made w i t h  bearing temperatures 
14 
between 600° and 800° F and w i t h  100 p s i  pressure d i f f e r e n t i a l  across 
15 
t h e  nitrogen gas t o  o i l  seal. 
16 
Another simulated engine bearing sump operating w i t h  a i r  (not 
17 
i n e r t e d )  w a s  used t o  system contained 
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bearings of the  type presently used i n  turbine engines; a 150 MM 
r o l l e r  bearing and a 100 MM duplex thrust  bearing. The a i r  t o  o i l  
seals were operated at pressure d i f fe ren t ia l s  t o  300 psi  and at speeds 
t o  400 f t / s ec .  Sealed a i r  temperatures t o  1200' F were employed. 
Analytical  s tudies  were made t o  determine thermal gradients i n  
the  seal s t ruc ture  and t o  determine overa l l  e l a s t i c  deformation due t o  
temperature, pressure and centriiUga1 force.  
P a r t  of the  s tudies  reported herein were made under NASA contract 
NAS 3-7609 ( r e f .  6 ) and under NASA contract NAS 3-6267 (ref.  7) .  
APPARATUS AND PROCEDURE 
I n e r t  ed Lubri cat ion Systems 
A schematic of the  s imulatedturbine engine sump employing an 
ine r t ed  lubr ica t ing  system i s  shown i n  f igure 1. The r i g  contained 
a 125 MM b a l l  bearing and was  operated at 14000 RPM. Heaters on the  
bearing and housing O.D. permitted operation t o  800' F bearing outer race 
temperature. Lubricants were introduced a t  temperatures t o  500' F. 
systems 
Both rec i rcu la t ion  and . Two face contact 
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seals (bellows secondary) formed t h e  seal ing system, Nitrogen w a s  
introduced between the 2 seals a t  105 p s i .  The seal between the  ni-  
trogen gas and lub r i can t ,  therefore ,  w a s  subjected t o  105 p s i  pressure 
d i f f e r e n t i a l ,  and the  seal between the hot air (1200' F and 100 p s i )  
and nitrogen w a s  subjected t o  5 p s i  pressure d i f f e r e n t i a l .  
Figure 2 i s  a schematic of the  seal employed i n  the  i ne r t ed  lub r i -  
ca t ion  systems. The bellows a s sembly  was fabr ica ted  from 
inconel  and a f inge r  spr ing damper, rubbing against  t h e  end piece O . D . ,  
provided f r i c t i o n  damping. The carbon-graphite nosepiece face con- 
t a ined  three  elements, an outer  wear pad, a sea l ing  dam and an inner  
wear pad. The w e a r  pads were interrupted by grooves 
wear pad area. Thus the pressure drop occurred only 
dam. The seal seat was  chrome plated on the rubbing 
within 3 l i g h t  bands. 
which vented t h e  
across the  sea l ing  
surface and f l a t  
Seal  gas leakage was continously monitored and inspection a f t e r  
running provided wear measurements of the carbon-graphite nosepiece 
and s e a l  seat. I n  some were made t o  
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determine e f f e c t  of sea l ing  face  deformation on contact area.  Lubri- 
cant coking observations were a l s o  made. Other parameters recorded 
included sealed gas pressure and temperature, s l i d i n g  speed, lubr icant  
temperature i n  and out and bearing outer race temperature. 
The t e s t  bearing was a s p l i t  inner r ing ,  angular-contact b a l l  
bearing; t h e  type most widely used i n  a i r c r a f t  propulsion turb ine .  
This design permits a m a x i m u m  b a l l  compliment (because of separable 
inner  r i n g  halves)  and supports t h rus t  load i n  e i t h e r  d i rec t ion .  The 
separable r i n g  a l so  permits t he  use of a precision-machined one-piece 
cage which i s  required f o r  high-speed high-temperature operation. The 
t e s t  bearings have a bore diameter of 125 MM and a nominal mounted 
operating contact angle of 2 6 O .  T h i s  bearing runs a t  t h e  t e s t  speed 
6 of 14000 F P M  (dn = 1.75~10 ) and a t h r u s t  load P = 3280 lbs. For 
operating temperatures up t o  600' F consumable e lec t rode  vaccum melted 
(CVM) M-50 t o o l  s t e e l  r ings  and ba l l s  were used. A t  higher tem- 
pera tures  CVM ~ ~ 4 9  
CVM M-1 t o o l  s t e e l  
t o o l  s t e e l  were used f o r  t h e  bearing r ings and 
f o r  p---.---f of an outer-ring 
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p i lo t ed  design and were constructed of s i l v e r  p la ted  M-1 t o o l  steel .  
The bearings had nominal 51.6% inner  r ing conformity, a 52.1% outer  
r ing  conformity, 4 micro-inch RMS m a x i m u m  across grooves 21-13/i6 
diameter b a l l s  and .0068- .0080 inch unmounted i n t e r n a l  r a d i a l  
looseness. 
The lubr icants  used were: 
(a )  Dibasic ac id  e s t e r  (Mil-L-7808E type)  which i s  a mono-hydric 
alcohol formulated with proprietory addi t ives .  The v i scos i ty  
extzapolated t o  600° F i s  0.64 cs . 
(b )  Ester-base lubr icant  (MIL-L-7808E type)  with improved thermal 
s t a b i l i t y  and estimated 1.17 cs  at  600° F. 
( c )  Synthetic pa ra f f in i c  lubricant  containing a proprietory 
boundary lubr icant  addi t ive.  The v i s c o s i t y i s  an estimated 2.4 cs 
at 600° F. 
( d )  Perfluorinated polymeric (fluorocarbon). 
( e )  C-ether (modified polyhenyl Ether ) .  
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Seal  Concept Studies 
Figure 3 i s  a schematic of t he  sea l  and bearing a rea  of a 
simulated turbine engine sump employing an open lubr ica t ion  system and 
used t o  study face contact and hydrostatic sea l  concepts. The system 
simulated the  r o l l e r  bearing sump at the ' tu rb ine  location and the  s t ruc ture  i s  
typ ica l  of engine pa r t s .  H i g h  pressure a i r  ( t o  1200' F) was intro-  
duced a t  the  seal dam I . D .  and a i r  leakage was i n t a  the  bearing com- 
partment. Seal  gas leakage w a s  continously rronitored and inspected 
after running provided wear measurements of the  sea l ing  faces.  Other 
parameters recorded included sealed gas pressure and temperature, 
s l i d i n g  speed, lubricant temperature and seal nosepiece temperature. 
accelerometers 
I n  some runs miniature I were attached t o  the  nosepiece and 
accelerometer output was recorded on magnetic type and then analyzed f o r  
evidence of nosepiece i n s t a b i l i t y .  
Analysis of seal ing face deformation was made by f i rs t  calculat ing 
I - 10 - I 
1 
2 
3 
4 
5 
6 
7 
a 
9 
10 
11 
12 
13 
14 
15 
16 
17 
~ 
from the  thermal map by axi.-symmetric f i n i t e  element program (computer) 
which a l so  included pressure and centr i fugal  force e f f e c t s .  
RESULTS AND DISCUSSION 
I n e r t  e d Lubr i ca t  i on System 
Operation of a simulated lubr ica t ion  system (bearings , sea l s  and 
pumps) allows evaluation of a lubricant  at temperatures , shear rates , 
and loads which a r e  indicat ive of ac tua l  operation. Thus a check i s  
obtained on such items as coking, lubricant  breakdown due t o  shear 
rates, lubr icant  effectiveness at bearing cage s l id ing  surface,  cor- 
rosion,  s e a l  performance, e t c .  The lubr ica t ion  system, which i s  
described i n  the apparatus sect ion,  simulated the expected environ- 
mental conditions of an iner ted  bearing sump of an advanced engine. 
The lubr icants  evaluated, a l so  described i n  the  apparatus sec t ion ,  
were: (1) a dibasic  acid e s t e r  qualifying against  MIL-L-7808EY ( 2 )  
an improved e s t e r  similar t o  MIL-L-7808EY (3)  a synthet ic  pa ra f f in i c  
lubr icant  , ( 4 )  
per f  l uo r  i n a t  e d 
a C-ether (modified polyhenyl ether , and ( 5 )  a 
polymeric o i l .  A l l  lubr icants  were degassed before use. 
- 11 - 
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Primary r e su l t s  obtained fo r  these lubricants  i n  t h e  system 
studies  (3-hour screening t e s t s )  are as follows: 
( a )  The Mil-L-7808E type lubricant was determined t o  be not su i t -  
able,  even with i n e r t  blanketing, at 600° F outer race bearing temper- 
a tures  and above because of lubrication-related bearing f a i l u r e s .  
(b )  An improved e s t e r  ( s i m i l a r  t o  Mil-L-7808E type) gf somewhat 
grea te r  vescosity than t h e  useful  Mil-L-7808 E ran successfully i p  
tests up t o  750' F. A t  650' F bearing temperature, t h i s  f l u i d  per- 
formed s a t i s f a c t o r i l y  fo r  approximately ten  hours before t e s t i n g  w a s  
stopped due t o  t e s t  s e a l  malfunctioning. 
( c )  The synthet ic  paraf f in ic  lubricant  was tested s a t i s f a c t o r i l y  
at temperatures up t o  and including 700' F. An attempted runs at 
750° F was  aborted a f t e r  l e s s  than two hours because of excessive 
leakage of the oi l -s ide tes t  sea l .  
( d )  The C-ther performed sa t i s f ac to r i ly  at 600° F both with and 
without nitrogen blanketing. Higher temperature 
due t o  apparent bearing 
t e s t i n g  was suspended 
t h i s  lubr icant .  
' .  
0 
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( e )  Perfluorinated polymeric f l u i d  was t e s t ed  successfully t o  
temperatures of 700' F but higher o i l  flow rates were required than 
f o r  t he  improved ester o r  the  synthetic paraf f in ic  lubricants .  
Only minor o i l  coking occurred i n  most t es t  and was not to the 
extent t o  ser iously a f fec t  bearing o r  seal performance. Longer term 
tests of 50 hours w i t h  t he  improved ester and the synthet ic  paraf f in ic  
were not successful due t o  repeated o i l - s ide  seal malfynctions, which 
was also t he  l imi t ing  fac tor  i n  a majority of t he  three  hour screening 
t e s t s .  
From 
operation 
at 150 t o  
the  overa l l  system viewpoint, reliable bearing and seal 
using iner ted  rec i rcu la t ing  lubricat ion agpears t o  be feasible 
200' F higher temperatures than possible wi th  a conventional 
r ec i r cu la t ing  system w i t h  several  off-the-shelf f lu ids .  The primqry 
problem i s  r e l a t ed  t o  achieving oi l -seal  performance t o  reduce loss of 
ine r t ing  gas. 
- 13 - 
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Analysis reveaied tha t  the  seal malflmctions 
were not r e l a t ed  t o  the  iner t ing  gas but ra ther  t o  thermal deformation. 
Seal  operational leakage data i s  summarized i n  table T. me data  shows 
tha t  seal leakage , f o r  t he  majority of runs , i s  grea te r  than would 
l i k e l y  be acceptable from a nitrogen inventory standpcrint, g ree te r  
than 5 SCFM. The leakage shown is  a t o t a l  for  both seals ( o i l  seal 
and air s e a l  of f i g .  1) i n  the  system, however, it was determined t h a t  
most of the  leakage (up t o  90%) could be a t t r i bu ted  t o  the o i l  seal. 
One s e a l  malfunction which commonly occurred was a cycl ic  increase 
and decrease i n  leakage. This  cyclic change i n  leakage implies a cycl ic  
change i n  the average height of the sea l ing  gap (see f i g .  2 ) .  And a 
mechanism which could account of t h i s  cyc l ic  malfunction starts i n  t h e  
i n i t i a l  operation i n  which the closing force,  being s l igh t ly  l a r g e r  
than the  opening force,  tends t o  hold the  nosepiece i n  s l i d ing  contact 
against  the seal seats (see fi However a small average dynamic r i  
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gap ex i s t s  as i s  evidenced by the  seal leakage (see f i g .  4 f o r  calculated 
leakage as a function of gap height) .  But t h e  heat  generation at the 
s l id ing  in te r face  i s  r e l a t ive ly  high because of s l i d ing  contact and 
shearing of a r e l a t ive ly  t h i n  f i l m  of gas.  This high he& generation 
causes more thermal growth i n  t h e  nosepiece than i n  the  bellows. The 
opening force,  therefore ,  increases with respect t o  the  closing force 
and t h e  seal 
generated i s  
eventually opens. Now with increased s e a l  gap the heat  
reduced, the nosepiece cools and t h e  seal retuyps t o  the  
i n i t i a l  condition and the cycle repeats i t se l f .  
Coke deposits from lubricat ion degradation were evident along the  
outer  w e a r  pad after some of  t h e  runs (see f i g .  2 $or l s aa t ion  of wear 
pads).  This coking was a t t r ibu ted  t o  the heat generated at the  sl iding 
face of the carbon, thus the area adjacent t o  the  dam is hot te r  than t h e  rest of 
the nosepiece. In  several  cases the  coking w a s  severe enou& t o  plug 
t h e  outer  wear pad vents ( see  f i g .  2 f o r  vent locat ions) .  It should 
be noted t h a t  plugging of these wear pad vents can a lso  cause seal 
l i f t  and attendent high leakage. : 
- 15 - I 
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Another problem encountered was the bellows closim-force area 
decrease which accompanied the  pressure increase.  This is sometimes 
ca l led  a change i n  bellows mean effect ive diameter (rn.e.2.) (See f i g .  
2). Balance of t h e  opening and closing forces requires a knowledge 
of t h i s  m.e.d. change and of t he  probable pressure p ro f i l e s  at t h e  
sea l ing  dam. A t  bes t  t he  se lec ted  force balance w a s  a wmpromise and 
a s l i g h t  closing force b i a s  was selected at 105 p s i  i n  order t o  pre- 
clude opening of the  s l i d ing  in te r face  (dam) due t o  i m x t i a  forces ,  
Carbon wear encountered i n  some of the  t e s t s  w a s  a t t r i bu ted  t o  the lack 
of control  over t h i s  s e a l  force balance. 
Evaluation of Sea l  Concepts I n  an Open Lubrication System 
Face contact and hydrostat ic  seal concepts were e v a u a t e d  i n  a 
simulated engine sump operating with an a i r  environment (not i ne r t ed ) .  
The face contact seal used operates on t h e  same pr inc ip le  as t h e  seal 
previously described f o r  t he  iner ted system except t h a t  t he  bellows i s  
replaced with 2 p i s ton  r ings and a s e r i e s  of h e l i c a l  springs ( f i g .  5 ) .  
It i s  evident from t a b l e  I1 which i s  a summ of the  tes t  da ta ,  t h a t  7 7  
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seal leakage w a s  t he  primary f a i lu re  mode. Additional data  charac- 
t e r i s t i c  of t h e  leakage ra tes  of these seals i s  gives i n  f igure 5 .  
Up t o  120 p s i  pressure d i f f e r e n t i a l  the  leakage rate is r e l a t ive ly  
low (being less than 5 SCFM), but beyond 120 p s i  t he  leakage rate shows 
a strong dependence on s l id ing  speed. This dependence of leakage on 
s l i d i n g  speed could be caused by i n e r t i a  e f f e c t s  ( e i  nosepiece dyr 
namic response t o  sea t  r ~ ~ o u t  and ro ta t ion)  o r  t h e m 4  e f f ec t s  such 
as described f o r  t he  bellows face sea l ,  
An addi t ional  problem associated with operation of the  Pace contact 
s e a l  w a s  the  thermal deformation of t he  nosepiece and seal seat. This 
thermal  deformation i s  i l l u s t r a t e d  i n  f igure  6. The axial thermal 
gradients cause both the nosepiece and seal seat t o  form divergent 
leakage gaps. And a diverging gap reduces the  seal opening force and 
causes the  net  closing force increase. The result is heavy carbon wgar 
with the  I . D .  showing more wear because of t he  deformation. 
A second concept evaluated was an orifice-compensated hydrostat ic  
The seal seal  design t o  operate on an a i r  f i lm of about ,0005 inches. 
1 I 
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design ( f i g .  7 )  i s  somewhat s i m i l a r  t o  that o f  a face contact seal 
except t h a t  a recess and a se r i e s  of o r i f i c e s  have been atdded t o  t h e  
nosepiece face.  Some of the  leakage through the  seal takes place 
through the  o r i f i c e s  aranged circumferentially wound t h e  seal. The 
leakage flow through the  o r i f i c e s  produces a pressure drop from t h e  
sealed pressure Pi t o  the  recess pressure Pl and the  sea l ing  gap 
height  i s  control led by compensations i n  recess pressure F 1 . The 
mechanism works l i k e  t h i s ;  if t h e  gap i s  closed down for some rcasop, 
the  leakage out i s  reduced. This means low pressure drop i n  %he r;lyifices 
re du c ea 
due to/leakage flow; therefore ,  recess pressure P' w i l l  incrqase,  
approaching sealed pressure P1, and producing a net res tor ing  force t o  
maintain design gap height. Similarly,  if t h e  gap opens beyoncl t he  
design poin t ,  the  inverse process takes place.  
Table I11 contains a summary of per t inent  r e s u l t s  obtain i n  
operation of the orifice-compensated hydorstat ic  seal. Inspection of 
t he  da ta  revealed tha t  t h e  most serious problems were excessive ;Leakage 
and excessive rubbing due t o  thermal deformation. The effects of 
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L I 
thermal deformation a re  shown i n  f igure  9 which is da ta  taken at 
200 feet per second rubbing speed and 100 psi pressure d l f f e r e n t i a l .  
With a sealed a i r  temperature of 120' F t h e  seal leakage i s  near 13 
SCFM and as the  a i r  temperature is increased t h e  leaage  decreases. 
This leakage decrease i s  due t o  increasing angular deformation 
of t h e  sea l ing  gap. The net  r e su l t  is  t h a t  
t h e  seal runs with c loser  clearance. Eventually, as the air temper- 
a tu re  increased, the nosepiece rubbed against  t h e  s e a l  seat and failure 
occured. 
The preceding data  points  t o  thermal deformation as being a, serious 
problem i n  a l l  t h ree  sea l s  evaluated ( face  contact with beLlows, face 
contact  with p i s ton  r ing  and orifice-compensated seals ) . Accordingly 
an ana lys i s  w a s  made of means t o  reduce thermal deformation i p  t h e  
seal s t r u c t u r e  and analysis  revealed t h a t  the deformation causing 
divergent leakage gaps at t h e  s l i d ing  in t e r f ace  w a s  due to: ( a )  axial 
thermal gradients  i n  the  seat and nosepiece, (b) non-uniform thermal 
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thermal growth of t he  spacers clamping the seal sea t .  The other  ser ious 
problem encountered i n  the  s e a l  experimental evaluatians was wear due 
t o  high speed rubs. Therefore, t he  revised s e a l  designs contained 
provisions f o r  mitigating thermal deformation and hydrodynemic devices 
t o  prevent contact between the  nosepiece and the  s e a l  seat. The 2 
revised designs are shown i n  figures 9 and 10. 
Face Contact Sea l  w i t h  Gas Bearing for  Hydrodynamic Lift 
The revised face contact s e a l  design ( f i g .  9) consis ts  gf a 
s t ruc tua l ly  i so l a t ed  seal sea t  which is mormted over i t s  centroid on 
a sha f t  spacer w i t h  radial f l e x i b i l i t y .  The seal sea t  i s  clamped 
ax ia l ly  by a machined bellows. O i l  is passed under the  shaft spacer, 
thus aiding thermal i so l a t ion ,  and then thru  radial holes i n  the  seal sea t  
near the rubbing in te r face .  Molybdenum was selected for  the  sea$ 
because it has a low thermal deformation f ac to r ;  e i  htgh thema& con- 
duc t iv i ty  and low thermal expansion ( r e f .  8 ) .  The nosepiece and 
nosepiece c a r r i e r  a re  both p i lo ted  by 3 loca t ing  lugs which also serve 
as a n t i  ro t a t ion  devices. , Thin s h i 7  p i s ton  c a r r i e r  and 
. - .  
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1 over t h e  shaf t  provides addi t ional  thermal shielding. The o i l  which 
2 passes through t h e  ro t a t ing  seal seat is oaught by a b e f f l e  and re- 
3 directed back t o  cool t'ne nosepiece and nosepiece ca r r i e r .  The nose- 
4 piece face contains 3 elements: ( a )  a pad type gas bearing, (b) a 
5 seal ing dam which ac ts  as a conventional face contact 
6 seal and ( e )  a s p i r a l  groove windback 
7 sec t ion  of la rge  axial clearance (.020 inch which prevents oil from 
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seeping i n t o  the sea l ing  dam area.  The windback sec t i an  is not affeqted 
by thermal deformation because of t h i s  l a rge  axial clearance. 
The thermal map f o r  the  nosepiece of t h i s  revised design i 8  given 
i n  f igure  &and 1 2  contains t h e  combined deformation due t o  thermal 
pressure e f f ec t s .  The analysis a t  300 p s i  and 1300' F gas temperature 
shows t h a t  angular deformation of the nosepiece gas bearing spction i s  
1.3 m i l l i  radians.  This is not serious s ince the  calculated f i lm 
height would then be 0.00020 inch at t h e  bearing I.D. apd 0.00050 at 
t h e  gas bearing O.D. ,  e i  the  gas bearing can accomodate t h i s  tilt angle. 
Of more concern is  the m i l l i  radian deformatio across t h e  seal ing dam. 1
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Since t h i s  deformation has a divergent tendency, the  opening forae is 
expected t o  decrease w i t l i  increasing deformation; however, t he  ana lys i s  
shows t h a t  the gas bearing w i l l  accept t he  force changes without touch- 
down. Figure 13 shows the  calculated gas bearing load cegacity. 
Preliminary runs were made with hydrodynwic $ype seals having a 
gas bearing pad type geometry incorporated i n t o  the nosepiece (similar 
t o  f i g .  9 ) .  The purpose of t h e  runs was t o  check t h e  hydrodynamic 
concept and t h e  runs were m a d e  with room temperature air. Inspection 
of t h e  seal surfaces  indicated l i f t  w a s  occurring, however a seal 
f a i l u r e  w a s  experienced a t  400 feet per second and 100 ps i .  Seal  
leakage measured is  given i n  f igure  14 .  Excellent sea l ing  po ten t i a l  
i s  s h o w  by the  low leakage obtained t o  300 feet per  second and 200 p s i ,  
Face Contact Seal w i t h  Lubricated Sp i r a l  Groove f o r  Hydrodynamic Lift 
A second design f o r  providing hydrodynamic lift is shown 
schematically i n  figure 10. The overal l  design i s  s t ruc tu raUy  
s i m i l a r  t o  the previous s e a l  except t h a t  the gas bearing pads have 
been eliminated and sea t  , cooli  m o i l  is made t,olpass thrpugh a s p i r a l  
. .  
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groove sect ion which provides hydrodynamic l i f t  (See r e f .  9 f o r  s p i r a l  
groove s e a l  theory) .  I n  operation, the s p i r a l  groove sec t ion  provides 
the  lift t o  e s t ab l i sh  a seai ing gap of .COO5 inches. This l i f t  
prevents wear, l i m i t s  t he  gas leakage t o  acceptable leve ls  and mit igates  
the  e f f e c t s  of thermal angular deformation. Preliminary runs with 
sea l s  employing t h i s  s p i r a l  l i f t  concept showed operation at less than 
0.0005 inch film thickness and .5 SCFM leakage at 100 p s i  f t / s e c  s l $ d i w  
veloci ty .  Typical leakage data  i s  given i n  f igure  14. 
CONCLUDING REMARKS 
Nitrogen gas iner ted  lubricated system s tudies  were made using 
a simulated engine sump operating a t  14000 RPM with 125 MM balJ  bearing 
(3260 lbs t h r u s t )  and 6 . 3 3  i rxh  mean diameter face contact seals. Three 
hours screening runs were used t o  evaluate candidate lubricants  t o  
800° F bearing temperatures. Seal  concept s tud ies  were also made i n  
open lubr ica t ion  systems. Face contact and hydrostat ic  s e a l  performance 
w a s  determined a t  various speeds, pressures and tempera$wres. Design 
rev is ions  were made t o  e problems encountered, 
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1 The experimental data and analysis  revealed t h e  following: 
2 1. Dibasic acid e s t e r  (Mil-L-7808E) i s  not su i t ab le  f o r  600° F 
3 iner ted  operation becwse  of k%ricat , ion r e l a t ed  bearing failures. 
4 Three lubr icants ,  an improved e s t e r  ( twice the  v i lo sc i ty  of MIL-L- 
5 7808E), a synthet ic  paraf f in ic  f lu id ,  and a C-ether performed satis- 
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f a c t o r i l y  a t  600° F bearing temperature. Perfluorinated polymeric 
f l u i d  performed s a t i s f a c t o r i l y  a t  600° F however there  was sAight 
evidence of corrosion at tack on t h e  bearing, 
2. The iner ted  system operated s a t i s f a c t o r i l y  except for the  
bellows face contact s e a l  which had high leakage and w e a r .  This high 
leakage and wearwas a t t r i bu ted  t o  thermal deformation of the  sea l ing  
force.  
3. Additional s e a l  s tudies  ( i n  open lubr ica t ion  systems) on face 
contact and on hydros ta t ic  s e a l s ,  a lso  revealea t h a t  s e a l  face thermal 
deformation was a major problem.. Changes i n  force balance, which 
accompany thermal deformation, lead t o  severe rubbing and wear, 
17 
1 4. Two face seal concepts, one using a hydrodynamic gas bearing 
2 f o r  l i f t ,  and the  other  a o i l  lubricated s p i r a l  groove f o r  l i f t ,  showed 
3 low leakage i n  prelimimzy dynamic t e s t ing .  
4 L e w i s  Research Center, 
National Aeronautics and Space Administration, 
Cleveland, Ohio. 
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